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one among several important intermediate products of these^agricultural research programs.
Disciplines
Behavioral Economics | Economic History | Economic Theory | Education Economics | Other Teacher
Education and Professional Development
This report is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/econ_las_staffpapers/46
THE PRODUCTION OF SCIENTISTS FOR U.S. AGRICULTURE
BY LAND-GRANT UNIVERSITIES: 1920-1980
by
Wallace E. Huffman
Professor of Economics
Iowa State University
Staff Paper No. 138
March ]984
Financial assistance for this study was received from the
USDA-CSRS through a grant to Yale University, 1980-81,
and from the Iowa Agriculture and Home Economics Experiment
Station, Project 2516. The data on number of Ph.D. degrees
awarded in fields related to agriculture and home economics
were obtained from the National Research Council^s files on
Earned Doctorates. Able research assistance was provided
by Stephanie Mercier.
ii
TABLE OF CONTENTS
Page
INTRODUCTION 1
DESCRIPTIVE ANALYSES 2
The Production of Ph.D.s in the United States 2
Fields Associated with Agriculture and Home Economics 3
The Institution Concentration of Ph.D. Production 12
Geographical Concentration of Ph.D. Production 13
The Institutional Concentration of Ph.D. Production
by Field 19
Characteristics of Ph.D. Recipients 21
Women Ph.D. Recipients 21
Citizenship of U.S. Ph.D. Recipients 23
Post-Doctorate Activity 25
AN ECONOMETRIC MODEL 31
An Econometric Model of the Production of Ph.D.s in
Fields Associated with Agriculture and Home Economics 31
The Results ^0
SUMMARY AND CONCLUSIONS A6
FOOTNOTES 49
REFERENCES 51
APPENDIX A1-A27
INTRODUCTION
The production of scientists by'U.S.' universities has become a major
industry during the second half of Che 20tl:i century.- Furtheraore^- it'has
become clear that well trained and motivated' scientists are the source
of most new ideas leading to advances in science.and technology that are
the driving force 'behind modern economic -growth (Kuznets). The land—grant .
universities are'the primary but not exclusive source of trained scientists
for U.S. agriculture.' The production of-agricultural scientists in. these
universities is centered in departments -affiliated with the agricultural •
experiment stations; Furthermore, the training of scientists is one
among several important intermediate products of these^agricultural
research programs. •
The objectives of this study are (1) to provide descriptive analyses -
of trends in Ph.D. production and characteristics of Ph. D. recipients in
science fields associated with agriculture and home economics, in- land-
grant universities during the 60-year period'1920-79,--and (2) tO'provide
econometric evidence about the economic determinants of annual new Ph.D.
production in these fields. The main conclusion stated- at this point is
that significant new information about^the training of scientists for
U.S. agriculture is uncovered by' this'study .•
The organization of this study is as follows :' ' Section I :presents the
descriptive analyses of Ph.D.' production, and the econometric model is
proposed and tested in "Section II'. The' summary and conclusions are
presented in the final section. ' • ' .
DESCRIPTIVE ANALYSES
The Production of Ph.D.s in the United States
The doctorate degree is the highest recognized level of educa
tional training. The skills associated vrith doctorates in the sciences,
humanities, and other major fields (education and the professions) are
different. The Doctorate of Philosophy, a research degree, is awarded
in the sciences to signify excellence in mastery of an appropriate body
of scientific knowledge and in skills to perform scholarly research
through application of the scientific method. Doctorates awarded in
the humanities signify mastery of a body of knowledge having primarily
cultural character. Doctorates awarded in education and the professions
(medicine, law, dentistry, etc.) signify mastery of a body of knowledge
and skills appropriate for practicing a particular vocation. These
later two doctorates are nonresearch degrees.
Historically, the first U.S. Ph.D. degree was conferred by Yale
University in 1861, and one-hundred-thirteen years later there were
307 Ph.D. granting institutions. During the 100-year period, 1875-
197A, about 500,000 doctorate degrees were granted by all U.S.
universities (Harmon 1978). The long term rate of growth in Ph.D.
degrees awarded has been about 7 percent, and fifty-five percent of
these doctorates were awarded during the final decade 1965-74, when
the World War II baby-boom children were completing their schooling.
The leading universities in total number of Ph.D. degrees awarded
have changed over time from the Ivy League private universities to
the large state universities. For the forty-year period 1920-59,
Columbia University and Harvard University awarded the largest number
of Ph.D. degrees, respectively, and five of the top ten universities
in number of Ph.D. degrees awarded were private universities. (See
Table 1). For the 15-year period, 1960-74, the top four universities
in total number of Ph.D. degrees awarded were state universities —
University of Wisconsin, University of California-Berkeley, University
of Illinois-Urbana and the University of Michigan, respectively —
seven of the top ten universities in number of Ph.D. degrees awarded
were also state universities. Among the private universities only
Harvard, Columbia and New York University remained in the top ten
for the later period. For the 55-year period, 1920-74, the University
of Wisconsin ranks first in total nuTri>er of Ph.D. degrees awarded and
is followed by Columbia University and Harvard University, respectively.
Fields Associated with Agriculture and Home Economics
In this study, twenty science fields associated with agricultural
and home economics are considered. (See Table 2). Most of the fields
are in agricultural sciences. Other fields are basic science fields
that are generally awarded by departments outside the colleges of
agriculture, e.g., biochemistry, genetics, plant and animal physiology.
These basic science fields are the mother science for the biological
science component of agricultural and home economics research. Home
economics fields are aggregated into two categories, nutrition and
(or) dietetics and other home economics
In fields associated with agriculture and home economics, eight
of the land-grant universities founded under the 1862 Land Grant Act —
University of California-Berkeley, University of Illinois-Urbana,
Iowa State University, University of Maryland, University of Minnesota,
Table 1. Top Ten Universities by Total Number of ?h.D. Degrees Awarded: Selected
Periods
1920-59 1960-74 1920-74
Universities Rank
Nuinber
Ph.D. degrees
Awarded Rank
Number
Ph.D. degrees
Awarded Rank
Number
Ph.D. degrees
Awarded
University of Wisconsin 3 7,044 1 9.885 1 16,927
Columbia University 1 8,410 6 7,192 2 15,602
Harvard University 2 7,590 5 7,857 3 15,447
University of California
- Berkeley 5 5,556 2 9,876 4 15,432
University of Illinois
- Urbana 6 5.487 3 9,407 5 14,896
University of Michigan 9 4,929 4 8,390 6 13,319
Ohio State University - - 7 12,167
University of Chicago 4 6.952 - 8 12,061
New York University 8 4,954 7 6,829 9 11,783
Cornell University 7 5,340 - 10 10,953
Yale University 10 4,886 0 -
Michigan State University - 8 6,771 -
University of Minnesota - 9 6,565 -
University of Indiana — 10 6,508
Source: Harmon (1978, p. 127).
.Table 2, Number of Ph.D. Degrees Awarded in Fields Associated with Agriculture and Home
Economics by 51 Land-Grant Institutions in Selected 5-Year Intervals
1920-24 1950-54 1975-79
Science fields
No. of
degrees
No, of No. of No. of
institutions inst itutions institutions
awarding
o
o
awarding No. of awarding
degrees degrees degrees degrees degrees
8 527 26 1,060 45
5 229 18 321 37
1 17 5 304 25
8 308 21 685 42
7 171 18 410 40
10 14 4 183 39
206 18 - -
-
2 2 590 45
5 331 22 667 42
2 25 8 152 17
1 28 5 235 28
_ - 742 37
- 1 1 510 31
7 67 7 42 14
13 6 225 30
4 117 16 383 38
2 151 15 283 34
35 9 269 18
8 421 24 1,019 48
4 162 14 372 37
2,825 8,478
Agronomy, including soils
and soil sciences
Horticulture
Forestry
Entomology
Phytopathylogy
Physiology - plant-
Physiology - plant and
animal
Physiology - animal
Animal husbandry, animal^^
science and nutrition —
Veterinary medicine
Agricultural engineering
Agricultural economics^'
Food science and technology-
Agricultural and food
chemistry
Fish and wildlife
Agriculture, general
and other
/
42
14
1
41
48
37
13
2
d/
Nutrition and (or) dietetics-
(Other) home economics -
Biochemistry 28
Genetics 24
Totals 274
14
7
2
—^In fiscal 1962, "Physiology was broken into "Animal Physiology" and "Plant Physiology
—^"Animal Science" was added in fiscal year 1973. Field change to "Animal Science and
Nutrition" in fiscal year 1977.
Added as a field in fiscal 1969.
-^"Nutrition" (human) dropped as a field in fiscal year 1960. "Nutrition and/or Dietetics
added as a field in fiscal year 1976.
(COMPLETE TABLE OF 5-YEAR INTERVALS, 1920-79, FOUND IN APPENDIX TABLE 2)
•Rutgers University, Cornell University, and the University of
2/
Wisconsin — awarded Ph.D. degrees in 1920.— Fifty years later, all
51 of the land-grant universities were awarding Ph.D. degrees in one
or more of these twenty fields. See Appendix Table 2 for a listing of
land-grant universities by year that first Ph.D. degree was awarded.
The long-term compound average rate of growth in number of Ph.D.
degrees awarded by land-grant universities in the 20 fields associated
with agriculture and home economics is 5.6 percent (1920-79). Over
the 60-year period, 1920-79, these 51 land-grant universities awarded
over 38,464 Ph.D. degrees in these fields. Sixty-one percent of
these degrees were awarded during the last 15 years of the period,
1965-79.
Figures 1-3 show the pattern over time of Ph.D. degrees awarded
by the 51 land-grant universities for field groups: (1) total over
all 18 fields (excludes forestry and fish and wildlife) and over 12
fields (excludes 6 basic agricultural science fields), (2) in applied
agricultural science fields (field group I includes: agronomy, soils
and soil sciences, horticulture, animal husbandry, animal science and
nutrition, veterinary medicine, agricultural engineering, and agriculture,
general and other), (3) in basic agricultural science fields (field
group II includes: food and agricultural chemistry, biochemistry, animal
physiology, plant physiology, plant and animal physiology, and genetics),
(4) agricultural production maintenance fields (field group III includes:
entomology and phytopathology), (5) in agronomy, including soils and soil
science (field group IV), (6) in applied animal production fields (field
group V includes: animal husbandry, animal science, animal nutrition.
and veterinary medicine), and food, nutrition and economics (field group
VI includes: food science and technology, nutrition and (or) dietetics
and other home economics and agricultural economics). These field
groups I - VI do exhaust 18 of the 20 Ph.D. fields. They exclude forestry
and fish and wildlife because these two fields are not closely related
to agricultural and household production.
The total number of Ph.D. degrees awarded in the 18 fields
associated with agriculture and home economics grew rapidly in the
early ten-year period 1920-29, but the Great Depression of 1929-33
slowed this growth rate and World War II caused a sharp reversal
starting in 1942. The number of ?h.D, degrees awarded in 1946 was
only 43 percent of the pre-war 1940 number. The end of World War II,
however, brought large enrollments of war veterans in colleges
3/
because of favorable G.I. Bill educational benefits.— The number of
Ph.D. degrees awarded in 1950-54 was 2.7 times larger than the
previous high for any preceding 5-year period. The growth in total
number of Ph.D. degrees awarded in these 18 fields stopped temporarily
in 1954, turned sharply negative in 1958, and continued at a slower
annual rate of 6.6 percent from the period 1950-71. The total number
of Ph.D. degrees awarded in these 18 fields peaked in 1971 and
declining thereafter.
Except for the period 1928-32 and 1977-79 the number and growth
in numbers of Ph.D. degrees awarded in applied (I) and basic agri
cultural sciences (II) are similar (Figure 2). The growth rate of new
Ph.D.'s awarded in applied agricultural sciences was somewhat less
affected by both the Great Depression and entry into World War II by
the United States compared with the growth rate for new Ph.D. degrees
awarded in basic agricultural sciences.
The plant maintenance field (III), consisting of entomology and
phytopathology (plant pathology), awarded larger numbers of Ph.D.
degrees than the applied field of agronomy (IV) (including soils and
soil sciences) up to the 1945-49 period when they were about equal,
and the annual numbers for Ph.D. degrees awarded in both of these
fields have followed a similar growth pattern after that date
(Figures 2 and 3). Very few Ph.D. degrees were awarded in the
applied animal production field (V) (animal husbandry, animal science,
animal nutrition and veterinary medicine) before 1946, but the increase
was at about a 20 percent annual rate for the period 1944-55, the rate
was negative in 1953-60, and the number of Ph.D.'s awarded in this
field group peaked in 1974 (Figure 3). The growth pattern for the
food, nutrition, and economics field group (VI) is quite irregular.
Some of the sharp changes are due to either adding or dropping field
classifications, e.g., nutrition (1960), nutrition and dietetics
(1976), agricultural economics (1969).
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The Institution Concentration of Ph.D. Production
A large share of the Ph.D. degrees awarded in fields associated
with agriculture and home economics is concentrated in the top 20
percent of the doctorate granting land-grant universities. For
the sixty~year period, 1920—79, 56 percent of all Ph.D. s awarded in
the twenty fields associated with agriculture and home economics by
land-grant universities were awarded by the top ten Ph.D. producing
universities. For the last 15 years (1965-79), the share of Ph.D.'s
awarded by the top ten universities is only slightly lower (51
percent). (See Table 3). For the sixty-year period. 1920-79 and
the most recent fifteen-year period, the University of Wisconsin is
the leading producer of Ph.D. degrees in the 20 fields associated
with agriculture and home economics with 3,62A and 1,622 degrees
awarded, respectively. For the sixty-year period, Cornell University,
University of Minnesota, University of Illinois, and Michigan State
University, respectively, are the second-through-fifth leading
producers of Ph.D. degrees. For the later period 1965-79. Michigan
State moves up to second, Cornell University drops to third,
University of Illinois remains fourth and the University of California-
Davis rises to fifth (from tenth)Recall that these same universities
ranked high in total Ph.D.'s awarded in all academic fields, except for
the University of Califomia-Davis. (See Table 1).
The relative number of Ph.D. degrees awarded in the 20 fields
associated with agriculture and home economics to the total number of
Ph.D. degrees awarded in all academic fields varies widely across
land-grant universities. For the University of California-Berkeley,
13
Ohio State University, and the University of Illinois, Ph.D. degrees
awarded in the 20 fields associated with agriculture and home economics
are a small share (6.5% - 13%) of total academic Ph.D.'s awarded in
the fifty-five year period 1920-74. (See Table 4). The University of
California-Davis is an exception with 50 percent of total Ph.D. degrees
awarded during this period being in the 20 fields associated with
agriculture and home economics. For Cornell University, University of
Minnesota, Michigan State University and Purdue University, the share
is 17-24 percent.
Geographical Concentration of Ph.D. Production
Because much of agricultural research is crop-location specific,
it may be useful to consider the geographic concentration of Ph.D.
degrees. This study groups states by the 10 USDA farm production
regions, (See Figure 4).
The production of Ph.D. degrees in fields associated with agri
culture and home economics is concentrated geographically in the Mid
western states. The Corn Belt region is the leading producer of
Ph.D. degrees in the 20 fields associated with agriculture and home
economics for the fifty-five year period 1920-79 with over 9,000
Ph.D. degrees awarded and for the latest 15-year period 1965-79 with
over 5,000 Ph.D.'s awarded. The Lake States are second, Northeast
(due largely to Cornell's Ph.D. output) is third, and the Pacific
region is fourth. (See Table 5). The Appalachian region. Southern
Plains, Mountain, Northern Plains, Southeast and the Delta States
are regions that produce relatively few Ph.D. degrees.
14
Table 3. Top Fifteen Land-Grant Universities by Number of Pb.D. Degrees Awarded in 20
Fields Associated with Agriculture and Home Economics, 1920-1979£/
University
Year
founded
University of Wisconsin
- Madison 1836
Cornell University 1865
University of Minnesota 1851
University of Illinois
- Urbana 1867
Michigan State University 1855
Iowa State University 1885
Purdue University 1865
University of California
- Berkeley 1868
Ohio State University 1870
University of California
- Davis 1908
Texas A&M University 1876
Rutgers University 1766
University of Missouri
Oregon State University 1868
North Carolina State
University 1887
il
Year
First
Ph.D.
awarded
1920^^
1920
1920
1920
1927
1920
1930
1920
1921
1949
1940
1920
1935
1947
Number of
Ph.D. degrees awarded
1920-79
3,624 (9.4)"^
3.154 (8.2)
2,392 (6.2)
2,313 (6.0)
2,158 (5.6)
2,104 (5.5)
1,835 (4.8)
1,807 (4.7)
1,760 (4.6)
1,458 (3.8)
1,157
1,042
1,022
1.010
986
1965-79
c/1,622 (6.9)-^
1,350 (5.7)
1,052 (4.5)
1,314 (5.6)
1,465 (6.2)
983 (4.2)
1,204 (5.1)
812 (3.4)
907 (3,8)
1,112 (4.7)
876
497
660
695
743
—Other land-grant universities are listed in Appendix table 1.
—'^ The first year for which data are available is 1920.
-^The percentage of all degrees awarded by land-grant universities In fields
associated with agriculture and home economics for the given time period.
15
Table 4. Share of Total Ph.D. Degrees Awarded in 20 Fields Associated with Agri-
• culture and Home Economics by Land-Grant Universities Leading in the
Production of Total Ph.D. Degrees, 1920-74
Ph.D. degrees
awarded in fields
associated with
agriculture and
hoiae economics.- •,
University (1)
• Total Ph.D. -,
• ' degrees
- awarded"
(2) •
Agriculture- and
-home economics
share of total
Ph.D..degrees
awarded
(3)
University of Wisconsin 3,070 16,929. 18.1
Cornell University 2,667 ^ . 10,953 •' '24.3
University of Minnesota 2,063 ' 10,931 . 18.9
University of Illinois 1,933 14,896 13.0
Iowa State University 1,819V - 5,726 ' 31.8
Michigan State University 1,609 • - - 8,084 19.9
Purdue University 1,450 ' "8,-345 - 17.4
Ohio State University 1,413 12,167 11.6
University of•California •"
- Davis ^1,084'' £ 2,154 : 50.3
University of California
-
- Berkeley 995 15,432 6.4
Source; Column (1)-- National Academy of Sciences.
Coluirai. (2) - Harmon, 1978. • "" •
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Table 5. Number of Ph.D. Degrees Awarded in 20 Fields Associated with
Agriculture and Home Economics by USDA Farm Production
Regions, 1920-79 and 1965-79
Number of
Ph.D. degrees awarded
Regions 1920-79 1965-79
Corn Belt 9,034 5,068
University of Illinois 2,313 1,314
Iowa State University 2,104 983
Purdue University 1,835 1,204
Ohio State University 1,760 907
University of Missouri 1,022 660
Lake States 8,174 4,139
University of Wisconsin 3,624 1,622
University of Minnesota 2,392 1,052
Michigan State University 2,158 1,465
Northeast 6,941 3,603
Cornell University 3,154 1,350
Rutgers University 1,042 497
Penn. State University 971 579
University of Maryland 746 405
University of Massachusetts 493 309
University of Connecticut 188 149
University of Vermont 80 74
University of New Hampshire 72 60
University of Rhode Island 69 64
University of Delaware 68 58
University of Maine 58 58
Pacific 4,931 3,034
University of California - Berkeley 1,807 812
University of California - Davis 1,458 1,112
Oregon State University 1,010 695
Washington State University 656 415
Appalachian 2,404 1,996
North Carolina State University 986 743
Virginia Polytechnic Institute 446 403
University of Tennessee 437 384
University of Kentucky 315 29 X
West Virginia University 220 175
Southern Plains 1,769 1,358
Texas A&M University 1,157 876
Oklahoma State University 612 482
18
Table 5. Continued.
Number of
Ph.D> degrees awarded
1920-79 1965-79
Mountain 1,678 1,,492
Colorado State University 487 467
University of Arizona 420 372
Utah State University 325 248
University of Wyoming 163 139
University of Idaho 135 133
Montana State University 114 99
New Mexico State University 28 28
University of Nevada 6 6
Northern Plains 1,536 1 ,184
Kansas State University 707 512
University of Nebraska 542 410
North Dakota State University 182 176
South Dakota State University 105
%
86
Southeast 1,449 1 ,263
University of Florida 631 505
University of Georgia 415 391
Auburn University 267 238
Clemson University 136 129
Delta States 903 716
Louisiana State University 557 396
Mississippi State University 274 251
University of Arkansas 72 69
Others 307 284
University of Alaska 18 18
University of Hawaii 289 266
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The institutional Concentration of Ph.D. Production by Field
The list of land-grant universities leading' in the production of
Ph.D. degrees by field and field group changes'over time.' Appendix
Tables 3rlO provide rankings for each'5-year interval 1920-79 of the -
leading Ph.D. producing land-grant universities for' selected fields.
For total Ph.D. degrees awarded in the 20 fields associated with agri
culture and home economics, Cornell University is first'and the
University of Wisconsin is second for all 5-year intervals between-'
19!20-49.- The University of Minnesota is third and Iowa State arid
the University of California-Berkeley alternate as the fourth and
fifth place universities for each of the intervalsi 1925-49. For
each interval, 1950-79, the University of Wisconsin is the leading'
producer of total Ph.D. degrees in 20 field's associated with agri-' '
culture and home economics. In second place are Cornell University
for the period 1950-64; University of Illinois during' 1956-69;
and Michigan State University for the 1970-79 period. The University
of California-Berkeley and Iowa State drop from the list of top 5
Ph.D. producing universities in the 196iD-79 period arid are" replaced
by Michigan State University and Purdue University.
The set of land-grant universities leading in the production of
Ph.D. degrees in basic agricultural sciences (field group II) has
been quite stable over the period 1920-79. The leaders are Cornell,
1920-24; University of Minnesota, 1925-^34; University of Wisconsin,
1935-74; and University of California-Davis, 1975-79. Cornell
University and Iowa State, which are ranked in the top five for
each 5-year interval, 1920-54 are replaced in the. later'periods by
20
the University of Callfomia-Davis and Purdue University.
In applied agricultural sciences (field group I), Cornell
University is the leader and the University of Wisconsin is second
for each 5-year interval, 1920-54, then the leadership changes
around. The University of Wisconsin is first, 1955-59 and 1965-69;
Michigan State University is first» 1960-64; the University of
Illinois is first, 1970-74; and Cornell University is first, 1975-79.
Iowa State ranks consistently in the top 5, except for 1930-34 and
1975-79, and Michigan State reaches the top during the last 30 years.
Texas A&M University and Purdue University are ranked in the top 5
for field group I for the first time in 1975-79.
Appendix 6-10 tables provide rankings by number of Ph.D. degrees
awarded for field groups III-VI and selected fields. The universities
leading in the production of degrees in these fields or field groups
are somewhat different than for total Ph.D.'s awarded and for field
groups I and II. In applied animal production (field group V), the
University of Kentucky, University of Missouri, and University of
Maryland and Pennsylvania State University are ranked in the top 5
during one or more 5-year intervals. In field group VI (food, nutri
tion, and economics), the University of Missouri, Pennsylvania State
University, University of Massachusetts, Oklahoma State University
and University of Tennessee are also ranked in the top 5 degree
producing universities during one or more of the 5-year intervals.
For agricultural economics the ranking of universities by number of
Ph.D. degrees awarded is restricted to 1970-79 because agricultural
3/
economics was not treated as a separate field until 1969.—
21
Characteristics of Ph.D. Recipients
Three characteristics of Ph.D. recipients are focused upon in
this section.. They are the sex and citizenship composition of
individuals receiving Ph.D. degrees. The third characteristic is
the post-Ph.D, plans'of Ph.D. recipients.
r .
Women Ph.D. Recipients
The total number of women receiving Ph.D. degrees in 17 fields
associated with agriculture and home economics for which data are
available has been increasing since 1960. In the 1960-64 period, 403
women and 4,981 men received Ph.D. degrees in these fields or 7.5 percent
of the recipients were female (see Table 6). In contrast, in 1975-79
period, 1,906 women received Ph.D. degrees in these fields, a 4.7 fold
increase over the 1960-64 period. In 1975-79, wom:en received 16.0
percent of the 11,934 Ph.D. degrees awarded in these fields, and ,in
1980-81, women received 20,4 percent of the Ph.D. degrees awarded in
these 17 fields. Thus, there is strong evidence that the share of
Ph.D. degrees in these fields going to women has been increasing quite
dramatically over the past 21-years.
The share of Ph.D. degrees awarded to women differ across fields
over time. In the 5-year interval 1960-64, only 18 Ph.D. degrees wei^e
awarded to women in the applied agricultural production field group (I)
or less than 1 percent of all-degrees in this group and 12 Ph.D. degrees
were awarded in the agricultural production maintenance field group or
2.7 percent of the total. The largest number (354) and largest share
(14.6%) of total degrees awarded to women in a field group were awarded
in the basic agricultural science group (II) during this early period.
Ta
bl
e
6.
Nu
m
be
r
of
PH
.D
.
R
ec
ip
ie
nt
s
In
F
ie
ld
s
A
ss
oc
ia
te
d
w
it
h
A
gr
ic
ul
tu
re
an
d
Ho
me
Ec
on
oa
lc
s
by
Se
x.
5-
Y
ea
r
In
te
rv
al
s,
19
60
-1
9
8
1
1
9
6
0
-
6
4
1
9
6
5
-6
9
1
9
7
0
-7
4
1
9
7
5
-7
9
1
9
8
0
-8
1
T
o
ta
l
F
T
M
F
T
M
T
T
M
F
T
M
F
T
M
F
T
.A
g
ri
c
u
lt
u
ra
l
E
n
g
in
e
e
ri
n
g
1
0
1
0
1
0
1
1
8
2
0
1
8
2
3
1
0
1
3
1
1
2
3
4
1
2
3
5
1
2
7
3
1
3
0
9
5
4
5
95
«
B
io
c
h
e
m
is
tr
y
1
2
6
1
2
3
0
1
4
9
1
2
0
0
1
4
8
'!
i
2
4
8
5
2
4
5
9
6
0
1
3
0
6
0
2
3
2
9
i
n
3
0
5
6
9
4
0
3
7
7
1
3
1
7
8
9
9
0
2
4
1
9
1
1
4
0
9
A
n
im
a
l
P
h
y
s
.
3
4
5
5
4
3
9
9
1
0
4
1
1
8
6
1
2
2
9
1
4
4
4
2
7
3
1
7
1
8
1
2
6
4
3
0
3
1
5
6
7
5
1
9
1
4
8
6
6
7
6
6
1
4
1
9
1
6
6
5
3
0
P
la
n
t
P
h
y
s
.
-1
4
4
1
5
8
3
5
7
3
9
3
9
6
3
7
3
5
7
4
3
0
2
1
8
5
4
2
7
2
1
0
0
2
0
1
2
0
U
9
2
1
7
4
1
3
6
6
G
e
n
e
ti
c
s
3
6
6
5
6
4
2
2
5
3
4
1
0
4
6
3
8
5
6
1
1
5
6
7
1
7
4
7
3
2
3
4
7
0
7
1
9
7
1
1
7
3
1
6
2
1
3
1
6
6
7
2
7
9
8
E
n
to
m
o
lo
g
y
4
7
1
1
2
4
8
3
6
9
4
4
6
7
4
0
8
9
2
5
8
9
5
0
7
1
9
5
6
7
7
5
2
6
5
3
9
3
0
4
3
0
4
1
2
1
1
3
2
5
2
A
g
ro
n
o
m
y
,
in
c
.
S
o
i
l
s
7
0
9
3
7
1
2
8
9
1
3
8
9
4
1
1
6
7
2
4
1
1
9
1
1
0
4
8
31
1
0
7
9
4
5
9
3
S
4
9
7
4
2
7
4
9
9
4
3
7
3
A
n
im
a
l
h
u
sb
a
n
d
ry
5
6
5
9
5
7
6
6
3
9
1
1
6
5
0
3
3
3
5
3
3
8
1
0
7
3
1
1
0
4
2
2
4
4
1
6
8
6
3
0
1
7
1
6
F
o
o
d
S
c
ie
n
c
e
L
T
e
c
h
n
o
lo
g
y
a
/
a
/
3
8
1
3
9
3
3
6
5
2
3
8
8
4
2
3
1
1
0
5
3
3
1
5
4
5
2
2
0
6
9
5
1
2
1
5
1
1
6
6
ts
>
H
o
r
ti
c
u
lt
u
r
e
2
4
4
5
2
4
9
.
3
3
2
8
3
4
0
3
1
1
1
2
3
2
3
3
0
2
2
0
3
2
2
1
4
3
1
5
1
5
8
1
3
3
2
6
0
1
3
9
2
a
/
2
6
8
7
3
&
N
u
t
r
i
t
i
o
n
1
0
1
3
1
2
5
3
1
7
5
2
6
3
7
5
6
3
2
3
8
3
0
1
0
7
6
1
1
4
9
P
h
y
to
p
a
th
o
lo
g
y
3
7
7
1
2
3
8
9
4
6
5
1
1
4
8
2
4
7
5
2
6
S
ft
l
3
9
6
4
6
4
4
2
1
8
2
3
5
2
1
7
1
8
9
5
1
3
6
2
0
3
1
i^
ri
c
u
lt
u
re
.
O
th
e
r
1
1
6
1
1
1
7
3
2
1
8
3
2
9
5
2
0
5
3
3
3
9
2
2
0
4
1
2
1
6
9
2
1
1
9
0
1
5
2
0
6
3
1
5
8
3
A
g
ri
c
u
lt
u
ra
l
E
c
o
n
o
m
ic
s
a
/
a^
/
9
2
0
9
2
7
9
0
1
6
S
0
6
7
5
1
2
9
7
8
0
3
0
3
2
5
3
2
8
1
9
3
6
7
0
2
0
0
6
F
o
r
e
s
t
r
v
1
6
4
0
1
6
4
3
0
1
1
3
G
2
3
8
6
0
3
8
6
3
9
3
1
3
4
0
6
1
6
3
l
i
1
7
5
1
4
0
7
2
6
1
4
3
3
F
is
h
&
W
il
d
li
f
e
9
g
0
9
8
1
2
7
1
1
2
8
2
5
2
7
2
5
9
3
0
2
9
3
1
1
1
2
3
1
6
1
3
9
9
0
3
3
3
9
3
6
N
u
tr
it
io
n
a
n
d
D
ie
te
ti
c
s
2
0
7
2
7
a
7
a
/
a
/
&
/
&
/
fl
if
1
5
1
2
1
3
3
6
4
6
8
1
2
1
1
8
9
2
3
9
3
.4
1
5
8
0
T
o
ta
l
4
.9
8
1
4
0
3
5
.3
8
4
8
.0
1
6
9
U
8
.9
2
7
1
0
,9
2
1
1
.3
0
6
1
7
.7
4
7
1
0
.0
2
8
1
.9
0
6
1
1
,9
3
4
4
.1
9
2
1
.0
7
1
5
.2
4
3
3
8
.1
4
1
6
.5
3
8
6
4
.6
7
9
a
/r
«
o
r
a
s
e
p
a
r
a
t
t
i
b
/O
at
a
a
re
n
o
t
a
v
a
il
a
b
le
bv
se
x
fo
r
v
e
te
ri
n
a
ry
m
ed
ic
in
e,
an
d
o
th
e
r
ho
m
e
ec
o
n
o
m
ic
s.
S
ou
rc
e:
"S
ci
en
ce
an
d
E
ng
in
ee
ri
ng
D
oc
to
ra
te
s:
1S
60
-8
1,
"
S
p
ec
ia
l
R
ep
or
t
NS
F
83
-3
09
,
N
at
io
na
l
S
ci
en
ce
F
ou
nd
at
io
n.
23
During 1975-79, women received 8.4 percent of the degrees awarded in the
applied agricultural production field group, but they received 23.9 percent
and 27.4 percent, respectively, of the Ph.D. degrees awarded in the agri
cultural production maintenance field group and the basic agricultural
science group, respectively. For 1980-81, women received less than ten per
cent of the degrees awarded in agricultural engineering, agronomy and soils,
food science and technology, agricultural economics, and forestry. In contrast,
women received 64 percent of the Ph.D. degrees awarded in the field of human
nutrition and (or) dietetics, which is the major home economics field.
Citizenship of U.S. Ph.D. Recipients
The proportion of all academic Ph.D. degrees awarded by U.S. Ph.D. granting
institutions to individuals who are not a U.S. citizen has increased steadily
over time. The National Research Council started collecting data on citizen
ship of doctoral recipients in 1960. Earlier data on foreign origins of
Ph.D. recipients can be derived from an analysis of baccalaureate origins of
Ph.D, recipients. These data show a long-term upward trend in the number of
Ph.D. recipients who earned their bachelor's degrees abroad, being 7-9 percent
until the 1960's, then the trend is sharply upward (Harmon 1978, p. 47). For
1970-74, 15.3 percent of all U.S. Ph.D. recipients were not U.S. citizens.
The proportion of foreign origin Ph.D. recipients varies by field, being
highest in agricultural sciences and engineering.
In the 20 fields associated with agriculture and home economics, the
proportion of Ph.D.*s awarded to non-U.S. citizens has increased from 23
percent in 1960-64 to 29 percent in 1975-79, and the number of Ph.D. degrees
awarded to non-U.S. citizens increased from 1,026 to 2,383 over the same
period. (See Table 7). For 1960-64, genetics and agricultural and food
chemistry had the largest share of Ph.D. recipients being non-U.S. citizens.
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48 percent and 40 percent, respectively. In 1975-79, agricultural engineering,
veterinary medicine, agronomy (including soils and soil sciences), and agri
cultural economics were leading with more than 40 percent of the Ph.D.'s
awarded in these fields being to non-U.S. citizens.
Even Chough the number of Ph.D. degrees awarded in most fields
associated with agriculture and home economics peaked in the 1970-74
period, the decline that occurred during 1975-79 would have been
much larger, if the foreign share would not have been rising. Training
more foreign graduate students seems to be one method of attempting to
maintain the size of many graduate programs in the face of a declining
demand for Ph.D. training by U.S. citizens.-^ Non-U.S. citizens
generally bring their own financial aid when they enroll in U.S.
Ph.D. programs, but given that university tuition rates do not cover
the marginal cost of training large numbers of students, the states
seem to be providing a sizeable amount of aid to foreign countries
in the form of Ph.D. training of non-U.S. citizens. Furthermore, in
some fields, immigrant Ph.D. recipients may become an important
source of U.S. science manpower.
Post-Doctorate Activity
Data collection on post-Ph.D. employment plans of Ph.D. recipients
did not start until 1960. Historically, greater than 50 percent of
new U.S. citizen Ph.D. recipients have taken imn^diate post-Ph.D,
employment in colleges and universities where they can combine
research and teaching. However, during the late 1960's and 1970's
an increasing share of new Ph.D. recipients have continued their
26
research training beyond the Ph.D. degree through post-doctoral
study. For Ph.D. recipients in the sciences» the percentage choosing
post-doctoral study increased from 14 percent in 1960-64 to 24
percent in 1970-74 (Harmon 1978, p. 78). Post-doctoral study was
historically restricted to a few outstanding scholars or scientists«
As a rule, the objective was to obtain research experience under the
guidance of a researcher recognized for his (her) achievement and
ability to communicate knowledge, technique or approach to scholars
and scientists. However, when the academic labor market became
depressed during the late 1960's, Ph.D. recipients were in excess
supply for available assistant professor positions. This reduced
the opportunity cost of additional training. An increasing number of
Ph.D. recipients chose the next best available university position,
post-doctorate study, as a way to raise their probability of obtaining
an assistant professorship in the future.
For fields associated with agriculture and home economics, data
on four different post-Ph.D. activities are reported: post-doctoral
study and employment in an educational institution, government or
other (business, nonprofit organization, and other). Table 8 reports
the post-Ph.D. activities of U.S. citizens receiving Ph.D. degrees
during the period 1975-79. Appendix tables 11-15 report post-Ph.D,
plans of U.S. citizen recipients for the period 1960-74 and of non-
U.S. citizens with a temporary visa for the period 1970-79.
For American citizen Ph.D. recipients in the 20 fields
associated with agriculture and home economics, forty-seven percent
(52 percent excluding recipients in biochemistry and genetics) chose
27
employment in educational institutions during the 1960-64 period.
Fields with high rates of educational institution employment of new
Ph.D.'s are: home economics, 81 percent; agricultural engineering,
79 percent; veterinary medicine, 65 percent; and horticulture, 64
percent. Fields with low educational employment of hew Ph.D.'s in
1960-64 are biochemistry, 28 percent; and agricultural and food
chemistry, 32 percent. In 1960-64, only an average.of 14 percent of
all Ph.D. recipients in fields associated with agriculture and home
economics (8.7 percent, excluding biochemistry and genetics) chose
post-doctoral study as an immediate post-Ph.D. activity. Fields
that do.have a relatively large share of new Ph.D. recipients accepting
post-doctoral positions are: biochemistry, 38 percent; animal physiology,
7 percent; and genetics, 21 percent.
Government sector employment and other employment were each the choice
,of 14 percent of all Ph.D. recipients in the 20 fields during 1960-64.
Two Ph.D. fields, forestry and fish and wildlife, have 36 percent of
their Ph.D. recipients in 1960-64 accepting employment in the govern
ment sector. Agricultural and food chemistry (39 percent); agri
culture (general and other) and biochemistry (23 percent) had
relatively high employmeht of new Ph.D. recipients in the 1960-64
period in the other employment category.
The post-Ph.D. activities of recipients during 1975-79 in fields
associated with agriculture and home economics changed from 1960-64 to
a significantly smaller share taking employment in educational
institutions and a larger share choosing post-doctoral study. For
all of these 18 fields (all figures for biochemistry and genetics are
28
in parentheses), the proportion of recipients taking employment in
educational institutions decreased to AO percent (A7 percent) among
the recipients during 1975-79 from 47 percent (52 percent) in 1960-6A.
The share taking post-doctoral study for all 18 fields increased from
1A.4 percent (9 percent) in 1960-64 to 32 percent (21 percent) among
1975-79 Ph.D. recipients. For Ph.D. recipients in 1975-79, post
doctoral study was the immediate post-Ph.D. activity for more than
half of the recipients in biochemistry (81 percent), animal physiology
(67 percent), genetics (62 percent) and plant physiology (52 percent).
Educational institutions continued to employ at least a majority of
Ph.D. recipients in home economics (87 percent), horticulture (67
percent), agricultural engineering (65 percent), forestry (54 percent),
animal husbandry, animal science and nutrition (53 percent), agri
cultural economics (54 percent), fish and wildlife (52 percent) and
nutrition or dietetics (50 percent).
In almost all fields, the share of Ph.D. recipients employed by
the government declined from 1960-65 to 1975-79. Agricultural
economics which has 29 percent of Ph.D. recipients in 1975-79 being
employed by the government was not included in the 1960-64 data and
seems to be an exception to the general trend because 29 percent is
larger than the 23 percent employed in government for 1970-74 Ph.D.
recipients. Among Ph.D. recipients receiving degrees during 1975-79,
the proportion taking "other" employment from the fields of agronomy
(including soils and soil sciences), horticulture, plant physiology
and agricultural engineering more than doubled over the 1960-65 level.
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but the proportion from biochemistry and genetics choosing the other
category dropped by more than 50 percent for 1975-79 Ph.D. recipients
over the level of 1960-65 Ph.D. recipients.
The data on post-Ph.D. plans of non-U.S. citizens start in 1970
so less Information is available on their post-Ph.D, activities.
Initial employment in an educational institution is considerably
lower for non-U.S. citizens than for U.S. citizens. About 39 percent
of these Ph.D. recipients obtained employment in education institutions
in the United States or abroad, 25 percent chose post-doctoral study,
and 22 percent chose government sector employment. Thus, government
sector employment takes a significantly larger share of non-U.S,
citizen Ph.D.'s than of U.S. Citizen Ph.D. recipients. Post
doctoral study, which is one method for non-U.S. citizens to prolong
their stay in the United States, does not seem to be unusually large.
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AN ECONOMETRIC MODEL
An Econometric Model of the Production of Ph.D.s in Fields
Associated with Agriculture' and Home Economics " • • V- . " '
The methodology adopted in this paper is a vector autoregressive
representation of reduced-fortn'equations explaining the-'number of Ph.D. '•
degrees awarded. This approach originated in a'-paper hy Sims (-1980)
and has been extensively applied to analyses 'of macroeconomic tame •
series. The advantages of a vector autoregressive'model over the "
more traditional' structural equation' approach are (1)' very few
restrictions are' imposed on "the"coefficients of the variables in each•
equation, (2) the dynamic elements of the model need not be specifically
specified but are allowed, and (3) the choice pf endogenous and exogenous
variables need not be specified in advance of the econometric analysis.
The maj.or disadvantage of the vector autoregressive approach is that the
reduced form coefficients are consistent with an infinite number of
alternative structural models.
At this time, we have obtained data on 10 annual economic time
series spanning the time period 1929-1979; The variables are described
in Table 9. The key endogenous variables for this study are PHD, the
total number of Ph.D. degrees awarded by U.S. land-grant universities .in
18 fields of science associated with agricultural and home economics;
PHDl, the total number of Ph.D. degrees awarded in 7 fields of applied.
.it
agricultural production; and PHD2, the total number of Ph.D. degrees
awarded in 6 basic agricultural' science fields.. The regressors for
explaining the production of Ph.D.*s are (1) real annual U.S. salaries
of university professors, (2) total number of undergraduate students enrolled
32
by U.S. colleges of agriculture, (3) total real expenditures for personnel
services by agricultural experiment stations of the U.S. land-grant
universities, (4) real average U.S. salaries of public elementary and
secondary school teachers, (5) the real average U.S. weekly wage rate for
production workers in manufacturing, (6) the real average U.S. wage rate
for farm labor, and (7) the U.S. unemployment rate. See Figures 4-8 for
plots of the variables against time.
The vector-autoregressive representation of the three equations for
PHD, PHDl, and PHI)2 can be written in the following linear model:
(1) = IT • A(L)X^_^ + Uj.
(3x1)(3x(7x4))((7x4)xl)(3x1)
(2) ^ t = 1929, ..., 1979.
(3x1) (3x3) (3x1) (3x1)
In equation (1), is a vector containing the 3 endogenous variables;
A(L) is a lag operator and A(L)*X^ ^ is a matrix containing 1 through 4
lagged values of the regressors; Tt is matrix of unknown regression
coefficients that are to be estimated; is a disturbance terra. The
disturbance term, y^., in equation (2) is assumed to be represented
by a first-order autoregressive time series process; is a diagonal
matrix that has the j-th diagonal elements being the autocorrelation
coefficient p^. of the j-th equation. Now represents a new disturbance
term which is assumed to be normally distributed and to have the following
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Table 9. Variable Definitions
Symbol
PHD
PHDl
PHD2
FACSAL
BS
EXPER
TEASAL
WAGMFG
WAGAG
U
Variable Description
The annual number of Ph.D. degrees awarded by U.S. land-grant
universities in 18 fields associated with agriculture and home
economics.
The annual number of Ph.D. degrees awarded by U.S. land-grant
universities in 7 fields of applied agricultural sciences.
The annual number of Ph.D. degrees by U.S. land-grant
universities in 6 basic agricultural (and household) science
fields.
Real average U.S. annual salaries of university professors
(college and university teachers), deflated by consumer price
index (1967 = 1.00).
The annual total number of undergraduate students enrolled in
U.S. colleges of agriculture.
Total real expenditures on personnel services by agricultural
experiment stations of land-grant universities, deflated by
consumer price index (1967 = 1.00). See Appendix table 16.
Real average annual salaries of public elementary and secondary
school teachers, deflated by consumer price index (1967 = 1.00)
Real average U.S. weekly wage rate for production workers in
manufacturing, deflated by consumer price index (1967 = 1.00).
Real average U.S. wage rate for farm labor (composite index,
1967 = 100), deflated by consumer price index (1967 = 1.00).
U.S. unemployment rate.
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2 2
variance-covariance representation: , and "= 0, t p,
t, p - 1929, 1979; - 1. »-•* 3. These properties imply that the
within-equation variances of are equal and that the are not
correlated across equations. The autoregressive process (equation 2)
does allow the disturbances within an equation to be correlated.
Equation (1) can be viewed as a reduced-form representation of
the relationship between endogenous variables and regressors that arise
from an unknown or specified econometric structural model, e.g.» an
economic model of the supply and demand for new Ph.D.s. Thus, the
reduced form of coefficient matrix tr contains elements that ^ n^
have a simple interpretation. Many of the elements of tt will be a
combination of coefficients from different structural equations, e.g.,
a mixture of coefficients from a demand and supply equation for new
Ph.D.s. Thus, the vector autoregressive reduced form model is silent
about the expected signs of the elements in the coefficient matrix it.
They can be positive or negative. This feature is clearly a disadvantage
of the vector autoregressive representation of the model. However,
provided the unknown underlying structure generating the data remains
(relatively) stable, the vector autoregressive model is a useful fore
casting device. Thus, if we have good estimates of tt and know
then we can make forecasts of or Y^.
Before fitting the econometric model to the data, all variables
are expressed in natural logrithms, except for the unemployment rate,
which is expressed as percentage points. Achange in log^ of ^ variable
represents a percentage change in the level of the variable, i.e..
40
d In X = %AX. Thus, when the dependent and regressor variables are
expressed in log levels, the estimated coefficients represent elasticities,
e
i.e., d In Y/d In X = %AY/%AX,
The Results
The five endogenous variables were fitted to the one-through-four
lagged values of the regressors. The results are reported in Table 10.—^
IVo sets of equations are reported for the three measures of Ph.D.
output. The first set of regression equations (1-3) excludes the lagged
value of the endogenous variables. The second set of regression
equations (4-6) includes the lagged value of the endogenous variables.
Thus, in the second set of equations, the estimated coefficients on
the other variables measure the impact on the current Ph.D. output
holding past Ph.D. output constant. In the first set of regressions,
the past Ph.D. output is not being held constant, so the coefficients
of these regressors includes any effect the regressor has on changing
past Ph.D. output.
The estimated coefficients in Table 10 are difficult to interpret
because the coefficients on the one-through-four lagged values of a
variable generally oscllate in sign. This behavior of signs is
required for these difference equations to be nonexplosive.
An interesting exercise is, however, to consider the impact
(percentage change) on an endogenous variable of changing the level of
another variable by 1 percent, i.e., change the one-through-four lagged
values of the variable by one percent, holding other regressors
unchanged. The effect of a permanent change in a given variable on an
endogenous variable is obtained by summing the coefficients on the one—
through-four lagged values of that variable. These elasticities are
^1
Table 10. Endogenous variables: Number of Ph.D. degrees awarded by land-
grant universities, 1920-79
Lag Dependent Variab le
length In PHD In PHDl In rHD2 In PHD In PHDl In PHD2
Regressor (years) (1) (2) Q) (4^ (5} (6)
Intercept -6.54 -6.24 -13.99 -2.45 -5.51 0.61
(-2.1)-^' (-1.6) (-3.6) (-0.6) (-1.2) (0.1)
In FACSAL 1 -0.79 -0.49 -1.03 -1.37 -0.84 -2.58
(-1.1) (-0.6) (-1.2) (-1.6) (-0.8) (-3.1)
2 1.06 0.74 1.66 1.08 0.78 2.48
(1.5) (0.9) (1.9) (1.3) (0.8) (2.6)
3 -0.31 -0.01 -0.97 -0.55 0.18 -2.21
(-0.5) (-0.0) (-1.2) (-0.7) (0.2) (-2.4)
4 -1.98 -2.36 -1.83 -1.59 -2.24 -1.34
(-3.0) (-2.9) (-2.4) (-1.9) (-2.2) (-1.7)
In BS 1 -0.13 -0.18 -0.15 -0.21 -0,25 -0.18
(-1.0) (-1.1) (-1.1) (-1.4) (-1.2) (-1.4)
2 0.26 0.21 0.43 0.16 0.21 0.23
(1.7) (1.1) (2.4) (0.9) (0.8) (1.4)
3 -0.21 -0.23 -0.23 -0.19 -0.19 -0.35
(-1.7) (-1.5) (-1.5) (-1.5) (-1.0) (-2.6)
4 0.17 0.19 0.18 0.13 0.20 0.11
(1.4) (1.4) (1.4) (1.0) (1.2) (0.7)
In EXPER 1 0.87 0.65 0.93 0.83 0.27 1.70
(1.5) (1.0) (1.5) (1.3) (0.3) (2.7)
2 0.93 1.26 0.30 1.20 1.52 0.52
(1.5) (1.7) (0.4) (1.8) (1.7) (0.8)
3 -0.35 -0.31 -0.30 -1.30 -1.11 -1.05
(-0.6) (-0.4) (-0.4) (-1.6) (-1.0) (-1.5)
4 -0.68 -0.65 -0.74 -0.77 -0.65 -0.94
(-1.2) (-1.0) (-1.2) (-1.2) (-0.8) (-1.6)
In TEASAL 1 3.20 4.27 3.19 2.30 4.39 1.17
(2.1) (2.4) (1.9) (1.2) (1.9) (0.7)
2 -2.15 -3.21 -1.35 -1.32 -3.01 -0.18
(-1.5) (-1.9) (-0.8) (-0.8) (-1.5) (-0.1)
3 2.67 2.00 4.05 3.21 2.62 3.64
(2.0) (1.2) (2.6) (2.2) (1.4) (2.5)
4 1.31 1.64 0.78 0.53 1.04 1.04
(1.1) (1.2) (0.6) (0.4) (0.6) (0.8)
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Table 10. (Continued)
Lag Dependent Variable
length In PHD In PHDl In PHD2 In PHD In PHDl In PHD2
Regressor (years) (1) (2) (3) (4) (5) (6)
In WAGMFG 1 -0.95 -1. 36 -0. 76 -1. 02 -1. 00 -1. 54
(-0.7) (-0. 9) (-0. 5) (-0. 7) (-0. 6) (-0. 9)
2 -3.40 -2. 68 -4. 80 -3. 49 -2. 85 -4. 63
(-2.3) (-1. 5) (-2. 7) (-2. 3) (-1. 5) (-2. 9)
3 -2.37 -3. 35 -1. 06 -1. 50 -2. 86 -0. 63
(-1.9) (-2. 2) (-0. 7) (-1. 0) (-1. 5) (-0. 5)
4 3.22 2. 88 4. 70 4. 30 3. 73 5. 05
(3.0) (2. 2) (3, 9) (3. 1) (2. 1) (4. 0)
In WAGAG 1 0.93 1. 10 0. 23 1. 98 1. 58 2. 28
(1.1) (1. 1) (0. 3) (1. 9) (1. 3) (2. 2)
2 -1.32 -1. 15 -1. 43 -2. I -1. 85 -3. 07
(1.6) (-1. 1) (-1. 4) (-2. 0) (-1. 5) (-3. 0)
3 0.90 1. 28 0. 90 1. 11 1. 64 1. 25
(1.0) (1. 2) (0. 9) (1. 0) (1. 3) (1. 2)
4 -1.14 -0. 64 -2..43 -1.,46 -0. 94 -2.,20
(-1.7) (-0. 8) (-3. 1) (-1. 8) (-0..9) (-3. 2)
U 1 -0.04 -0.,04 -0.,07 -0.,00 -0.,02 -0.,02
(-1.5) (-1..3) (-2..2) (-0..1) (-0..3) (-0..7)
2 -0.07 -0..05 -0.,10 -0..07 -0..07 -0..09
(-2.3) (-1..5) (-2..6) (-2..1) (-1..6) (-2..5)
3 -0.00 -0..00 0.,01 0..02 0,.02 0.,02
(-0.0) (-0..0) (0,.2) (0,.6) CO. 4) (0,.7)
4 0.02 0,.03 0,.01 0..02 0,.03 0,.02
(0.6) (0..8) (0,.4) (0,.8) (0,.8) (0,.9)
In (Dep. var) 1 0,.43 0 .28 0,.60
(1 .5) (0,.9) (2 .4)
2 0 .10 -0 .05 -0 .05
(0 .4) (-0 .2) (-0 .2)
3 0..10 0 .04 0 .23
(0 .5) (0 .2) (1 .3)
4 -0 .05 0 .7 0 .04
(-0 .2) (0 .3) (0 .2)
P 0.388 0 .298 0 .440
0 .290 0 .236 0 .053
(2.9) (2 .1) (3 .3) (2 .1) (1 .6) (0 .4)
.986 .984 .969
—The t-ratios, which are in parentheses, are conditional on p
obtained in the first of a two-step estitnation procedure.
which was
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reported in Table 11.
A perhaps somewhat surprising result is the relatively large
negative and significantly different from zero effect that a permanent
increase in faculty salaries has on the three measures of Ph.D. output.
A permanent change in the number of undergraduate students enrolled in agri
culture has no significant effect on Ph.D. output. Increasing experiment
station expenditures on personnel, holding faculty salaries constant,
would permit an increase in graduate student financial support.
Although the sign of the elasticity of Ph.D. output with respect to
EXPER is positive and the order of magnitude of the coefficient is
economically large for PHD and PHDl, the effect is not strong
statistically.
The results in Table 11 show the effect of strong wage effects
from public elementary and secondary school teachers* salaries and
from wage rates of production workers in manufacturing on Ph.D. output.
These results imply that a 1 percent permanent increase in public school
teachers* salaries, other things equal. Increases the production of
Ph.D. degrees by 5 to 6.5 percent. In contrast, a 1 percent
permanent increase in wage rates of production workers in manufacturing
reduces the output of Ph.D.s by 2 to 4,5 percent. These are indeed
large elasticities. A permanent increase in the wage rate for farm
hired labor has very different effects on the 3 Ph.D. groups. It has
a large negative and statistically significant elasticity (-2.72) in
the equation for Ph.D.s in the basic agricultural sciences, but it is
positive and statistically insignificant in the equation explaining
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Ph.D. output In applied agriculture production. A permanent Increase
in the U.S. unemployment rate causes the output of all three Ph.D.
groups to decrease.
The econometric results presented in this section of the paper
are encouraging. They suggest that the production of new scientists
in fields associated with agriculture and home economics by land-grant
universities during the fifty-one year period 1929-79 can be explained
by economic factors. Although the fitted vector-autoregressive model
has excellent predictive potential, the results reported here are not
very useful for understanding the economic structure underlying the
market for new Ph.D.s. The vector-autoregressive framework has the
potential, however, for revealing more about the structure. Exogeneity
tests can be performed to determine which variables are exogenous and
which ones are endogenous. These tests and other modeling efforts
will be performed in the future.
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SUMMARY AND CONCLUSIONS
The Doctorate of Philosophy Degree is the highest recognized level
of training for scientists. It signifies excellence in mastery of an
appropriate body of scientific knowledge and skills to perform scholarly
research. Well trained and motivated scientists are the source of most
new ideas leading to advances in science and technology.
This study has focused on Che production of scientists in 20 fields
of science associated with agriculture and home economics. These fields
cover applied agricultural sciences; basic agricultural sciences;
production maintenance sciences; and food, nutrition, and economic
sciences.
1. The 51 land-grant universities produced 38,464 Ph.D. degrees
in these 20 fields over the 60-year period 1920 to 1979. Sixty-one
percent of these degrees were awarded during the last 15 years of this
period. However, the number of Ph.D. degrees awarded per year peaked
in 1971 and has trended downward since then.
2. A large share of the Ph.D. degrees awarded in fields
associated with agriculture and home economics is concentrated in the
top 20 percent of the granting institutions. Over time this concen
tration has, however, declined in all fields. The University of
Wisconsin-Madison awarded the largest number of degrees in the 20
fields of science for the 60-year period 1920-1979 and for the latest
15 years. Cornell University ranks second for both of these time
periods.
A7
3. The production of Ph.D. degrees in these 20 fields and in most
of the individual fields is concentrated geographically in the Midwestern
states. Using the 10 USDA agricultural production regions, the Com Belt
states are the leading grantors of Ph.D. degrees in these 20 fields for
the 60-year period and for the last 15 years. The Lake states are second,
the Northeast is third, and the Pacific Region is fourth.
Three characteristics of Ph.D. recipients were focused upon in
this study: sex, citizenship, and post-doctorate activity.
1. The total number of women receiving Ph.D. degrees in fields
associated with agriculture and home economics has been increasing since
1960 and perhaps longer. Only A03 Ph.D. degrees were awarded to women
in these fields during 1960-6A, or 7.5 percent of the total Ph.D. degrees
awarded. In the 1975-79 period, women received 16.0 percent of the
11,934 degrees awarded.
2. The share of total Ph.D. degrees awarded to women is significantly
lower in the applied agricultural science fields than in the basic agri
cultural science fields.
3. The proportion of Ph.D. degrees awarded to non-U.S. citizen
recipients has increased steadily since 1960. In several fields, non-
citizens receive 40 percent or more of the Ph.D. degrees awarded.
4. The share of American-citizen recipients in the 20 fields
obtaining immediate post-Ph.D. employment in educational institutions
has been declining since 1960 and the share pursuing post-doctoral
study has been increasing. In the period 1975-79, post-doctoral study
was the primary post-Ph.D. activity of recipients in biochemistry
(81 percent), animal physiology (67 percent), genetics (62 percent), and
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plant physiology (52 percent). For 18 fields (excludes biochemistry and
genetics), the proportion of doctoral recipients obtaining a job in an
educational institution declined from 52 percent in 1960-64 to 40 percent
in 1975-79.
5. In almost all fields, the share of Ph.D. recipients employed
by government (federal, state, or local) declined between 1960-64 and
1975-79. Agricultural economics is the only field where new Ph.D.
recipients are reversing this trend.
An econometric model of the production of scientists in 18 fields
associated with agriculture and home economics (excludes forestry and
fish and wildlife) was proposed and fitted to data for 10 economic
time series spanning the time period 1929-79. Equations to explain
the number of Ph.D. degrees awarded by land-grant universities in all
18 fields, 7 applied agricultural science fields, and 6 basic agri
cultural science fields were written as vector-autoregressive processes.
Each endogenous variable is regressed on the l-to-4 lagged values of 7
other variables.
1. The empirical results showed that Che number of Ph.D. degrees
awarded can be successfully explained by economic variables.
2. Variables found to have economically and statistically strong
effects on Ph.D. output were: real faculty salaries (-), real salaries
of public elementary and secondary school teachers (+), real wage rates
of production workers in manufacturing (-), the real wage rate of farm
labor (-), and the U.S. unemployment rate (-).
3. Future research needs to address the issue of exogeneity or
direction of causation among these time series.
A9
FOOTNOTES
Helpful cotmnetiCs were obtained on an earlier draft of this paper froia
T. Paul Schultz, Robert Evenson, Vernon Ruttan, and Roland Robinson.
—^Although colleges of home economics receive a small share of the research
funds allocated by agricultural and home economics experiment stations,
Ph.D. degrees in home economics are included in this study for completeness.
2/
— The 1890 land-grant colleges and universities are not included in this
study. They award very few Ph.D. degrees (possibly none).
3/
— We have not been able to find documentation on the exact magnitude of this
financial support.
—^Note that the University of California-Davis awarded its first Ph.D. degree
in 1949. This is much later than for any of the other major Ph.D. granting
universities.
—^Exactly where Ph.D. degrees awarded in agricultural economics are recorded
before 1969 is unclear. Some were undoubtedly reported as being in
economics. Others may have been counted in the field called agriculture -
other. We do know that they are included under some category of National
Research Council's field classification scheme. Also, Ph.D. recipients
at Iowa State University and North Carolina State University can obtain
their degree in either economics or agricultural economics.
6 /
— Several studies have shown that the expected rate of return on a college
degree, including advanced degrees, have declined dramatically in the 1970s
compared with the 1960s.
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—''xhe equations were fitted using the package Statistical Analysis Systems
(SAS). The equations were fitted in a two-step process. First, an
equation was fitted using the AUTOREG PROCEDURE assuming a first-order
autoregressive process. (Note that preliminary tests of a second-order
autoregressive process were uniformly negative.) This procedure yielded
an estimate of p for the equation, which was then employed to transform
the data so that ordinary least squares is an appropriate estimation
procedure. Second, ordinary least squares (SYSREG PROCEDURE) was
applied to the transformed data to obtain the estimated coefficients
that are reported In Table 10. Tests of joint hypotheses on the
coefficients of the 1-4 lagged values of the transformed variables were
performed on these latter equations.
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Appendix table 2.
A-A
Ranking of Land-Grant Universities by Number of Ph.D. Degrees
Awarded in Fields Associated with Agriculture and Home Economics,
1920-79
Year
First
Year
Founded
Ph.D.
Awarded
No, of Ph.D. Degrees Awarded
University
1920-79 1965-79
University of Wisconsin
1920 '^^
•7 /
(Madison) 1836 3.624 (9.4)-- 1,622 (6.9)
Cornell University 1865 1920 3,154 (8.2) 1,350 (5.7)
University of Minnesota 1851 1920 2,392 (6.2) 1,052 (4.5)
University of Illinois(Urbana) 1867 1920 2,313 (6.0) 1,314 (5.6)
Michigan State University 1855 1927 2,158 (5.6) 1,465 (6.2)
Iowa State University 1885 1920 2,104 (5.5) 983 (4.2)
Purdue University 1865 1930 1.835 (4.8) 1,204 (5.1)
University of California -
Berkeley 1868 1920 1,807 (4.7) 812 (3.4)
Ohio State University 1870 1921 1,760 (4.6) 907 (3.8)
University of Callfornin - Davis 1908 1949 1 ,4S8 (3.8) 1J12 (4.7)
Texas A in M University 18/6 1940 1,11)/ 8/(>
Rutgers University 1766 1920 1,042 497
University of Missouri 1,022 660
Oregon State University 1868 1935 1,010 695
North Carolina State University 1887 1947 986 743
Pennsylvania State University 1855 1929 971 579
University of Maryland
(College Park) 1807 1920 746 405
Kansas State University 1863 1937 707 512
Washington State University 1890 1930 656 415
University of Florida 1853 1938 631 505
Oklahoma State University 1890 1948 612 482
Louisiana State University 1860 1939 557 396
University of Nebraska 1869 1926 542 410
University of Massachusetts 1863 1924 493 309
Colorado State University 1870 1960 487 467
Virginia Polytechnic
Institute 1872 1951 446 403
University of Tennessee 1794 1937 437 384
University of Arizona 1885 1922 420 372
University of Georgia 1785 1960 415 391
Utah State University 1888 1950 325 248
University of Kentucky 1865 1960 315 291
University of Hawaii 1907 1954 289 266
Mississippi State University 1878 1953 274 251
Auburn University 1856 1955 267 238
West Virginia University 1867 1932 220 175
University of Connecticut 1881 1953 188 149
North Dakota State University 1890 1963 182 176
University of Wyoming 1886 1952 163 139
A-5
Appendix table 2. (Continued)
Year
First
Year Ph.D. No. of Ph.D. Degrees Awarded
University Founded Awarded 1920-79 1965-79
Clemson University 1785 1960 136 129
University of Idaho 1889 1964 135 133
Montana State University 1893 1959 114 99
South Dakota State University 1881 1960 105 86
University of Vermont 1791 1944 80 74
University of Arkansas 1871 1954 72 69
University of New Hampshire 1866 1958 72 60
University of Rhode Island 1892 1963 69 64
University of Delware 1743 1956 68 58
University of Maine (Orono) 1865 1965 58 58
New Mexico State University 1888 1970 28 28
University of Alaska 1915 1966 18 18
University of Nevada (Reno) 1874 1971 6 6
Total Degrees Awarded 39,095 24,137
—^1920 is the first year for which we have data
—^The percentage of all degrees awarded for period
Appendix table 3.
A-6
The Leading Land-Grant Universities in Numbers of Ph.D.
Degrees Awarded in 20 Fields Associated with Agriculture,
1920-791/
Share of
No. of degrees
Time degrees awarded
Period Rank Institutions awarded by top 5(%;
1920-24 1 Cornell University 80
2 University of Wisconsin 51
3 Rutgers University 30
4 University of Minnesota 30
5 University of Illinois 26
Degrees by top 5 217 78.1
Total degrees all institutions 278
1925-29 1 Cornell University 90
2 University of Wisconsin 86
3 University of Minnesota 86
4 Iowa State University 54
5 University of California - Berkeley 52
Degrees by top 5 368 73.0
Total degrees all institutions 504
1930-34 1 Cornell University 160
2 University of Wisconsin 116
3 University of Minnesota 99
4 Iowa State University 98
5 University of California - Berkeley 45
Degrees by top 5 518 69.2
Total degrees all institutions 749
1935-39 1 Cornell University 169
2 University of Wisconsin 127
3 University of Minnesota 108
4 Iowa State University 86
5 University of California - Berkeley 73
Degrees by top 5 561 68.5
Total degrees all institutions 819
1940-44 1 Cornell University 162
2 University of Wisconsin 161
3 University of Minnesota 158
4 Iowa State University ICQ
5 University of California - Berkeley 98
Degrees by top 5 679 64.6
Total degrees all institutions 1,052
1945-49 1 Cornell University 185
2 University of Wisconsin 183
3 University of Minnesota 102
4 University of California - Berkeley 92
5 Iowa State University 85
Degrees by top 5 647 76.6
Total degrees all institutions 845
A-7
Appendix table 3, (Continued)
V
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 5(%)
1950-54 1 University of Wisconsin 404
2 Cornell University 346
3 University of Minnesota 245
4 University of California - Berkeley 225
5 Iowa State University 206
Degrees by top 5 1,426 50.5
Total degrees all institutions 2,825
1955-59 1 University of Wisconsin 411
2 Cornell University 282
3 University of Illinois 246
4 University of Minnesota 225
5 Iowa State University 220
Degrees by top 5 1,384 42.8
Total degrees all institutions 3,232
1960-64 1 University of Wisconsin 452
2 Cornell University 332
3 University of Illinois 328
4 Purdue University 289
5 University of Minnesota 287
Degrees by top 5 1,688 37.6
Total degrees all institutions 4,489
1965-69 1 University of Wisconsin 540
2 University of Illinois 413
3 Michigan State University 389
4 Purdue University 382
5 Cornell University 371
Degrees by top 5 2,095 31.4
Total degrees all institutions 6,662
1970-74 1 University of Wisconsin 528
2 Michigan State University 527
3 University of Illinois 521
4 Cornell University 482
5 Purdue University 437
Degrees by top 5 2,495 27.9
Total degrees all institutions 8,958
t
University of Wisconsin
Michigan State University 549
Cornell University 487
Purdue University 385
University of Illinois 380
Degrees by top 5 2,355
Total degrees all institutions 8,478
1975-79
27.8
These are all fields listed in Table 2.
Appendix table 4.
A-8
Leading Land-Grant Universities in Numbers of Ph.D. Degrees
Awarded in Applied Agricultural Sciences (field group I),
1920-791/
m
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 5(%)
1920-24 1 Cornell University 29
2 University of Wisconsin 10
3 Iowa State University 8
4 Rutgers University 8
5 University of Illinois 6
Degrees by top 5 61 76.3
Total degrees all institutions 80
1925-29 1 Cornell University 36
2 University of Wisconsin 19
3 University of Illinois 17
4 Iowa State University 16
5 University of California - Berkeley 15
Degrees by top 5 103 67.8
Total degrees all institutions 152
1930-34 1 Cornell University 72
2 Iowa State University 24
3 University of Minnesota 24
4 University of Wisconsin 23
5 University of Illinois 22
Degrees by top 5 165 67.9
Total degrees all institutions 243
1935-39 1 Cornell University 67
2 University of Wisconsin 30
3 University of Minnesota 22
4 Iowa State University 21
5 Rutgers University 19
Degrees by top 5 159 59,1
Total degrees all institutions 269
1940-44 1 Cornell University 79
2 University of Wisconsin 37
3 University of Illinois 27
4 University of Minnesota 24
5 Iowa State University 22
Degrees by top 5 189 57.1
Total degrees all institutions 331
1945-49 1 Cornell University 79
2 University of Wisconsin 49
3 Iowa State University 40
4 University of Minnesota 38
5 University of Illinois 25
Degrees by top 5 231 56.1
Total degrees all institutions 412
A-9
Appendix table A. (Continued)
Time
period Rank
1950-54 1
2
3
4
5
1955-59 1
2
3
4
5
1960-64 1
2
3
4
5
1965-69 1
2
3
4
5
1970-74 1
2
3
4
5
1975-79 1
2
3
4
5
Institutions
Cornell University
University of Wisconsin
Michigan State University
Iowa State University
Ohio State University
Degrees by top 5
Total degrees all institutions
University of Wisconsin
Michigan State University
Iowa State University
Cornell University
University of Minnesota
Degrees by top 5
Total degrees all institutions
Michigan State University
University of Wisconsin
Iowa State University
Cornell University
University of Illinois
Degrees by top 5
Total degrees all institutions
University of Wisconsin
Iowa State University
Michigan State University
Cornell University
University of Illinois
Degrees by top 5
Total degrees all institutions
University of Illinois
Cornell University
Iowa State University
Michigan State University
University of Wisconsin
Degrees by top 5
Total degrees all institutions
Cornell University
Michigan State University
Texas A & M
University of Wisconsin
Purdue University
Degrees by top .5
Total degrees all institutions
No. of
degrees
awarded
147
147
119
99
97
609
1,257
138
126
110
108
86
568
1,249
169
157
148
132
130
736
1,830
202
193
182
167
166
910
2,535
196
195
190
189
179
949
2,143
186
181
161
161
145
834
2,689
Share of
degrees
awarded
by top 5(%)
48.4
45.5
40,2
35.9
30.2
31.0
i^Anolied Agricultural Sciences include the fields of Agronomy, Soils and Soil
SotSces' Horticulture, Animal Husbandry, Animal Science and Animal I'utrxt.on
Veterinary Medicine, Agricultural Engineering, Agriculture (General and Other).
Appendix table 5
A-10
Leading Land-Grant Universities in Number of Ph.D. Degrees
Awarded in Basic Agricultural Sciences (field group H),
1920-79i'
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 5(%)
k
1920-24 1 Cornell University 24
2 University of Wisconsin 21
3 University of Illinois 12
4 University of Minnesota 11
5 University of California, Berkeley 6
Degrees top 5 74 83.1
Total degrees all institutions 89
1925-29 1 University of Minnesota 53
2 University of Wisconsin 33
3 University of California, Berkeley 22
4 Cornell University 18
5 University of Illinois 13
Degrees top 5 139 79.9
Total degrees all institutions 174
1930-34 1 University of Minnesota 51
2 University of California, Berkeley 42
3 University of Wisconsin 39
4 Cornell University 23
5 Iowa State University 21
Degrees top 5 176 79.3
Total degrees all institutions 222
1935-39 1 University of Wisconsin 59
2 University of Minnesota 56
3 Cornell University 45
4 University of Illinois 39
5 Iowa State University 30
Degrees top 5 229 75.6
Total degrees all institutions 303
1940-44 1 University of Wisconsin 98
2 University of Minnesota 95
3 University of California, Berkeley 60
4 Cornell University 57
5 Iowa State University 50
Degrees top 5 360 71.9
Total degrees all institutions 501
1945-49 1 University of Wisconsin 122
2 University of Minnesota 51
3 University of California, Berkeley 50
4 Cornell University 46
5 Iowa State University 24
Degrees top 5 293 77.7
Total degrees all institutions 377
Appendix table 5. (Continued)
A-Il
Share of
|r
No. of degrees
Time degrees awarded s
period Rank Institutions awarded by top 5(%)
1950-54
1955-59
1960-64
1965-69
1970-74
1975-79
University of Wisconsin 188
University of California, Berkeley 135
University of Minnesota 115
Cornell University 64
Iowa State University 48
Degrees top 5 550
Total degrees all institutions 805
University of Wisconsin 159
University of California, Berkeley 109
University of Minnesota 77
University of Illinois 74
Purdue University 80
Degrees top 5 498
Total degrees all institutions 960
University of Wisconsin 167
Purdue University 122
University of Illinois 122
University of California, Berkeley 108
University of Minnesota 92
Degrees top 5 611
Total degrees all institutions 1,419
University of Wisconsin 203
University of California, Davis 185
University of Illinois 155
Purdue University 146
University of California, Berkeley 136
Degrees top 5 826
Total degrees all institutions 2,288
Utiiversity of Wisconsin 183
University of California, Davis 221
University of Illinois 163
University of Minnesota 137
Purdue University 135
Degrees top 5 839
Total degrees all institutions 2,608
University of California, Davis 198
University of Wisconsin 189
University of California, Berkeley 120
University of Minnesota 106
Purdue University 99
Degrees top 5 712
Total degrees all institutions 2,163
—^Basic agricultural sciences includes the fields of Plant and Animal
Physiology, Biochemistry and Genetics.
68.3
51.9
43,1
36.1
32.2
32.9
A-12
Appendix table 6, The Leading Land-Grant Universities in Numbers of Ph.D. Degrees
Awarded in Animal Husbandry, Animal Science, Animal Nutrition
and Veterinary Medicine (field group V), 1920-79
Time
period
1920-24
1923-29
1930-34
1935-39
1940-44
1945-49
Rank Institutions
1 Cornell University
2 University of Wisconsin
3 University of Illinois
4 Iowa State University
5 University of Missouri
Degrees by top 5
Total degrees all institutions
1 Cornell University
2 University of Minnesota
3 Iowa State University
4 University of Wisconsin
5 University of Illinois
Degrees by top 5
Total degrees all institutions
1 Cornell University
2 University of Minnesota
3 University of Illinois
4 University of Wisconsin
5 Iowa State University
Degrees by top 5
Total degrees all institutions
1 University of Minnesota
2 Cornell University
3 University of Illinois
4 Iowa State University
5 Pennsylvania State
6 University of Wisconsin
Degrees by top 5
Total degrees all institutions
1 University of Wisconsin
2 Cornell University
3 University of Minnesota
4 University of Illinois
5 University of Missouri
Degrees by top 5
Total degrees all institutions
1 University of Wisconsin
2 Cornell University
3 University of Maryland
4 University of Minnesota
5 Purdue University
Degrees by top 5
Total degrees all institutions
No, of
degrees
awarded
8
2
1
1
1
13
13
8
6
5
4
3
26
29
23
11
7
6
5
52
58
12
10
10
7
7
7
46
61
12
11
9
8
7
47
64
19
15
11
11
9
65
113
Share of
degrees
awarded
by top 5(%)
100.0
89.7
89.7
75.4
73.4
57.5
A-13
Appendix table 6. (Continued)
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 5(%)
1950-54 1 University of Minnesota 46
2 University of Wisconsin 44
3 Cornell University 32
4 Michigan State University 27
5 Iowa State University 24
Degrees by top 5 173 52.3
Total degrees all institutions 331
1955-59 1 University of Minnesota 36
2 University of Wisconsin 34
3 University of Illinois 22
4 Michigan State University 22
5 Iowa State University 22
Degrees by top 5 136 48.4
Total degrees all institutions 281
1960-64 1 Iowa State University 54
2 Michigan State University 52
3 University of Illinois 45
4 Cornell University 40
5 University of Minnesota 39
Degrees by top 5 230 40.1
Total degrees all institutions 573
1965-69 1 Iowa State University 59
2 University of Illinois 42
3 University of Missouri 36
4 Cornell University 35
. 5 University of Wisconsin 32
Degrees by top 5 204 31.0
Total degrees all institutions 659
1970-74 1 Iowa State University 51
2 University of Illinois 40
3 Cornell University 36
4 Purdue University 33
5 University of Tennessee 31
Degrees by top 5 191 29.2
Total degrees all institutions 654
1975-79 1 University of Florida 50
2 University of Illinois 44
3 Texas A & M 40
4 University of Kentucky 37
5 Iowa State University 28
Degrees by top 5 199 29.8
Total degrees all institutions 667
Appendix table 7.
A-14
Leading Land-Grant Universities'in Numbers of Ph.D.'. Degrees
Awarded in Entomology and Phytopathology (field group III),
1920-79
Share of
No... of degrees
Time '
: degrees awarded
period Rank Institutions awarded by top 5(%)
1920-24 ' 1 Cornell University 25
2 University of Wisconsin 22
3 University of Minnesota •, - 13
4 University of Illinois, 8
5 Ohio State.University 9
Degrees by top 5 77 86.5
Total degrees all^institutions, 89
. ,
1925-29 1 Cornell University • , . . 27
2 University of Mnnesota • 22
3 University of Wisconsin 21
4 Ohio State University 20
, 5 Iowa State University 16
Degrees by top 5 106 82.2
Total degrees all institutions 129
1930-34 1 Cornell University 45
2 University of Wisconsin 31
3 Iowa State University 27
4 Ohio State University 26
'5. University of Minnesota 21
Degrees, by top 5 150 79.8
Total degrees all institutions 188
• -
1935-39 •1 Cornell University, 48
2 Iowa State University 30
•3 University of California - Berkeley 23
4 Ohio State University 21
5 University of Wisconsin 17
Degrees by top 5 139 70.6
Total degrees all institutions 197
1940-44 1 University of Minnesota 35
2 University of Wisconsin 24
3 University of California - Berkeley 22
, 4 Cornell University, 21
5 Iowa State University 20
Degrees by top 5 122 67.4
Total degrees all institutions, 181
1945-49 1 Cornell University 42
2 University of, California,- Berkeley 27
' 3 Ohio State University 25
4 University of Illinois 15
5 University of Minnesota 12
" "Degrees "by top 5 121 74.2
Total degrees all institutions 163
Appendix table 7. (Continued)
A-15
Share of
•
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 5(%)
1950-54
1955-59
1960-64
1965-69
1970-74
1975-79
1 Cornell University 78
2 University of Wisconsin 67
3 University of California - Berkeley 55
4 University of Illinois 42
5 University of Minnesota 34
Degrees by top 5 276
Total degrees all institutions 479
1 University of Wisconsin 86
2 Cornell University 62
3 University of Minnesota 45
4 Ohio State University 41
5 Iowa State University 36
Degrees by top 5 270
Total degrees all institutians 600
1 University of Wisconsin 99
2 Cornell University 76
3 University of California - Berkeley 70
4 University of Minnesota 65
5 University of Illinois 45
Degrees by top 5 356
Total degrees all institutions 829
1 University of Wisconsin 88
2 University of California - Berkeley 79
3 University of California - Davis 76
4 Cornell University 66
5 Oregon State University 44
Degrees by top 5 353
Total degrees all institutions 1,112
1 Cornell University 82
2 University of California - Berkeley 73
3 University of California - Davis 73
4 University of Illinois 68
5 University of Wisconsin 64
Degrees by top 5 360
Total degrees all institutions 1,291
1 University of Wisconsin 73
2 University of Illinois 73
3 Cornell University 64
4 University of California - Berkeley 60
5 University of California - Davis 57
Degrees by top 5 327
Total degrees all institutions 1,092
57.6
45.0
42.9
31.7
27.9
29.9
Appendix cable 8
Time
period
1920-24
1925-29
1930-34
1935-39
1940-44
1945-49
Rank
A-16
The Leading Land-GranC Universities in Numbers of Ph.D. Degrees
Awarded in Agronomy, including Soils and Soil Science (field
group IV), 1920-79
Institutions
Cornell University
Rutgers University
University of Illinois
Iowa State University
University of Wisconsin
Degrees by top 5
Total degrees all institutions
University of Wisconsin
University of Illinois
Iowa State University
Rutgers University
Cornell University
Degrees by top 5
Total degrees all institutions
University of Wisconsin
Rutgers University
Cornell University
University of Illinois
University of Minnesota
Degrees by top 5
Total degrees all institutions
University of Wisconsin
Cornell University
Rutgers University
University of Missouri
Iowa State University
Degrees by top 5
Total degrees all institutions
Cornell University
Ohio State University
University of Wisconsin
University of Illinois
Iowa State University
Degrees by top 5
Total degrees all institutions
University of Wisconsin
Ohio State University
Iowa State University
Cornell University
Purdue University
University of Minnesota
Degrees by top 5
Total degrees all institutions
No. of
degrees
awarded
9
8
5
5
5
32
42
14
13
10
8
8
53
73
15
15
11
10
9
60
96
20
12
12
9
8
61
106
22
20
20
19
14
95
152
28
19
13
13
12
12
97
165
Share of
degrees
awarded
by top 5(%)
76.2
72.6
62.5
57.5
62.5
58.8
A-17
Appendix table 8. (Continued)
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 5(%)
1950-54 1 University of Wisconsin 82
m
2 Cornell University 51
3 Ohio State University 45
4 Iowa State University 44
5 Rutgers University 38
6 University of Illinois 37
7 Purdue University 35
8 Michigan State University 30
9 Pennsylvania State University 25
10 University of Nebraska 21
Degrees by top 10 408 77.4
Total degrees all institutions 527
1955-59 1 University of Wisconsin 79
2 Iowa State University 59
3 Michigan State University 36
4 University of Illinois 35
5 Cornell University 35
6 Rutgers University 32
7 Purdue University 31
8 North Carolina State 23
9 Pennsylvania State University 23
10 University of Nebraska 22
Ohio State University (22)
Degrees by top IQ 375 70,5
Total degrees all institutions 532
1960-64 1 University of Wisconsin 73
2 Iowa State University 62
3 Michigan State University 40
4 Cornell University 40
5 North Carolina State University 29
6 Oregon State University 28
7 Rutgers University 26
8 Ohio State University 25
9 University of Minnesota 22
10 Pennsylvania State University 22
Degrees by top 10 367 51.6
Total degrees all Institutions
Iowa State University
University of Wisconsin
Purdue University
University of Illinois
North Carolina State University
Michigan State University
Cornell University
Oregon State University
Texas A&M University
University of Nebraska
Degrees by top 10
Total degrees all institutions
711
79
71
59
57
A7
44
44
27
27
23
478
873
1965-69
1965-69
1
2
3
4
5
6
7
8
9
10
54.8
A-18
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Appendix table 8, (Continued)
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded bv to 5(%)
1970-74 1 University of Illinois 74
2 Iowa State University 71
3 University of Wisconsin 69
4 Purdue University 64
5 Michigan State University 53
6 Cornell University 52
7 Oregon State University 51
8 University of Nebraska 46
9 North Carolina State University 44
10 Oklahoma State University 40
Degrees by top 10 564 49.0
Total degrees all institutions 1,150
1975-79 1 Iowa State University 66
2 University of Wisconsin 58
3 Purdue University 58
4 University of Florida 56
5 Michigan State University 49
6 North Carolina State University 49
7 Homell University 45
8 University of Illinois 43
9 University of Nebraska 41
10 University of Arizona 34
Degrees by top 10 499 47.1
Total degrees all institutions 1,060
Appendix table 9
A-19
The Leading Land-Grant Universities in Numbers of Ph.D. Degrees
Awarded in Food and Agricultural Chemistry, Food Science and
Technology, Nutrition and Dietetics, and other Home Economics,
1920-791^
Share of
No. of degrees
Time degrees awarded
period Rank institutions awarded by top 5(%)
— -
1920-24 1 University of Wisconsin 8
2 University of California, Berkeley 2
3 Cornell University 2
4 (4 universities with one each) 1
Degrees top 5 14 87.5
Total degrees all institutions 16
1925-29 1 University of Wisconsin 13
2 Iowa State University 10
3 Cornell University 7
4 University of Missouri 4
5 University of California, Berkeley 2
Degrees top 5 36 78.3
Total degrees all institutions 46
1930-34 1 Iowa State University 26
2 University of Wisconsin 22
3 Cornell University 15
4 University of California, Berkeley 5
5 University of Missouri 4
Degrees top 5 72 81.8
Total degrees all institutions 88
1935-39 1 University of Wisconsin 21
2 Cornell University 6
3 Iowa State University 5
4 Pennsylvania State University 5
5 Purdue University 3
Degrees top 5 40 78.4
Total degrees all institutions 51
1940-44 1 Iowa' State University 8
2 Pennsylvania State University 6
3 University of Missouri 4
4 Ohio State University 4
5 University of Massachusetts 3
Cornell University (3)
Degrees top 5 25 78.1
Total degrees all institutions 32
1945-49 1 Cornell University 17
2 Iowa State University 13
3 Pennsylvania State Univer.«-i ty 5
4 University of California, Berkeley 4
5 University of Massachusetts 4
78.2Degrees top 5 43
Total degrees all institutions 55
A-20
Appendix table 9. (Continued)
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded bv top 5(%)
fc 1 , 1 • «^ -
1950-54 1 Cornell University 48
2 Pennsylvania State University 34
3 Iowa State University 26
4 University of California, Berkeley 20
5 University of Massachusetts 16
Degrees top 5 144 56.9
Total degrees all institutions 253
1955-59 1 Cornell University 45
2 University of Illinois 43
3 Purdue University 26
4 University of California, Davis 25
5 University of Wisconsin 22
Degrees top 5 161 46.9
Total degrees all institutions 343
1960-64 1 Ohio State University 38
2 University of Illinois 31
3 University of Wisconsin 25
4 Cornell University 22
5 University of California, Davis 16
6 Michigan State University 16
Degrees top 5 132 47.1
Total degrees all institutions 280
1965-69 1 Michigan State University 44
2 Ohio State University 37
3 Purdue University 35
4 University of Wisconsin 28
5 University of Illinois 27
Degrees top 5 171 41,5
Total degrees all institutions 412
1970-74 1 Michigan State University 52
2 Ohio State University 44
3 University of Wisconsin 43
4 University of Missouri 38
5 Cornell University 33
Degrees top 5 210 31.5
Total degrees all institutions 666
1975-79 1 Michigan State University 92
2 Ohio State University 91
3 Oklahoma State University 91
4 Cornell University 79
3 University of Tennessee 68
Degrees top 5 421 38.1
Total degrees all institutions 1,104
—Food Science and Technology became a separate field in fiscal 1969. Nutrition
was dropped as a field in fiscal 1960, but Nutrition and/or Dietetics was added
as a field in 1976.
Appendix table 10
A-21
The Leading Land-Grant Universities in Numbers of Ph.D. Degrees
Awarded in Agricultural Economics, 1970-79^
Share of
No. of degrees
Time degrees awarded
period Rank Institutions awarded by top 10(%)
1970-74 1 Purdue University 73
2 Michigan State University 65
3 University of Illinois 56
4 Cornell University 51
5 University of Wisconsin 44
Degrees by top 5 (289)
6 Oregon State University 42
7 University of California, Berkeley 38
8 University of Missouri 35
9 University of Minnesota 33
« 10 Oklahoma State University 30
Degrees by top 10 467 58.8
Total degrees all institutions 794
1975-79 1 Michigan State University 81
2 Cornell University 46
3 University of Wisconsin 45
4 Purdue University 44
5 University of California, Berkeley 38
Degrees by top 5 (254)
6 University of Illinois 33
7 Washington State University 33
8 Ohio State University 31
9 Iowa State University 31
10 University of California, Davis 30
11 Oklahoma State University 30
Degrees by top 10 412 55.3
Total degrees all institutions 742
—Agricultural Economics was made a separate field in fiscal 1969. Iowa
State University, North Carolina State University, and Kansas State
University award degrees in economics which cover agricultural economics.
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Appendix table
A-27
Expenditures on personal services at all state Agricul
tural Experiment Stations, 1930-80 (real dollars, thousands)
1930 86,460 1956 237,243
1931 85,661 1957 249,422
1932 86,447 1958 291,319
1933 80,112 1959 286,502
193A 76,208 1960 288,660
1935 85,555 1961 285,048
1936 '^' 89,597 1962 282,305
1937 93,067 1963 290,054
1938 103,580 1964 303,563
1939 110,565 1965 308,642
1940 113,799 1966 316,992
1941 117,628 1967 318,685
1942 116,267 1968 306,174
1943 125,323 1969 339,574
1944 106,754 1970 375,212
1945 123,121 1971 392,860
1946 132,395 1972 413,270
1947^/ 148,529 1973 443,103
1948 161,427 1974 403,589
1949 183,227 1975 417,812
1950 195,222 1976 443,504
1951 200,672 1977 484,066
1952 208,497 1978 498,802
1953 214,065 1979 515,185
1954 220,249 1980 531,196
1955 228,041
Bankhead-Jones Act.£/
—''Research and Marketing Act
